Derivation of the site binding admittance
. Substituting eq S3 in eq S1 and neglecting the second-order small quantities, one gets
, and 0  can be expressed as the perturbation of the corresponding surface charge densities: 
. Substituting eqs S6 and S7 in eq S4 and rearranging the equations, one gets:
Solving eq S8 one gets:
Therefore, the total site-binding admittance is found as:
where,
 , and buff C is the capacitance calculated as:
Expression of , , and
The site-binding impedance SB z can be decomposed to a sum of first-order partial fractions:
where, resistances and and time constant are associated with the site-binding reactions. From Eqs. (S10) and (S12), , , and can be solved as:
.
Discretization of S B ( )
The total impedance with distributed interfacial admittance is expressed as: 
where, K with their distributed form in eqs S16 and S17 for the K-distribution, or S N , A c , and B c in eqs S16 and S18 for the c-distribution. The expression for the discretized total impedance then becomes: The pH sensitivity can be expressed as 1 :
s N e r n s t M DL buff H 1
where, Nernst 59.2 mV S  at room temperature and M S is around 55 mV for our TiO 2 samples.
From eqs S11 and S18, S N is dependent on D L C as follows:
Therefore, it was not regarded as a fitting parameter but rather calculated during a fitting. As to σ E , it was assigned with varying values in order to study the dependence among the parameters, as detailed in the paper body. The optimization methods for all the parameters are summarized in Table S1 . In spite of the complementary methods for constraining the regression process, having multiple optimized parameter sets is inevitable. It is instructive to investigate the dependencies of some modelling parameters on the others, and this is achieved by varying some of the parameters and determining the rest by fitting. In addition, finding the dependencies not only helps to obtain a good fit, but benefits our understanding of the system. Figure S1 . TEM images for the sample stack (a) STEM and (b) oxygen EDX. Note that the TiO 2 layer is fairly homogeneous in thickness although it is too thin to measure accurately.
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